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P A 3 T I.

AZ0B3HZEKE-P-PHEEYLHYJHAZIIIE SULFONIC ACID
(2)
I. IKTHODUCTIOH .
This problem arose in connection with the commercial manufacture
of phenylhydrazine in the organic laboratories of the University of
Illinois. The ordinary methods of preparation embodying the reductioi
of diazobenzene with stannous chloride and hydrochloric acid, with
zinc and an acid, treatment with sodium acid sulfite and subsequently
zinc and acetic acid, and reduction with tin and hydrochloric acid,
were tried and gave very poor results. In considering a better meth-
od it was thought that sulfur dioxide might convert the benzene diaz-
onium chloride into phenylhydrazine sulfonic acid which could then be
decomposed to yield the free hydrazine. The fact that sulfur dioxide
acted as a very efficient agent in the reduction of bromine to hydro-
bromic acid, and also in the preparation of hydroxylamine from ni-
trous acid suggested its use in this case.
Upon introducing sulfur dioxide into a benzene diazonium chlor-
ide solution a deep red compound separated out. As the literature
held no satisfactory explanation for this reaction an investigation
for the purpose of identifying the compound was begun.
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II. HISTORICAL PART .
From a preliminary examination of the red compound which had
"been formed upon the introduction of sulfur dioxide into benzene di-
i
azonium chloride, there was suggested the work done by Kbnig on a
reaction of this nature. KCnig treated an acid solution of benzene-
diazonium chloride with a concentrated water solution of sulfur diox-
ide at CP and observed that a red color gradually developed which re-
sulted after some hours in the separation of a deep red solid. The
solid separated out in voluminous flakes which upon filtering and
washing with alcohol finally gave a dry, red powder. Xonig extract-
ed this product with boiling chloroform, adding some bone-black. Prom
the extraction a white plate-like mass of crystals was obtained whicl
from analysis had apparently the formula C12H12%S02 . The compound
was found to be insoluble in cold water, dilute acids, dilute
alka-
lies, and soluble in hot 'water, alcohol, ether, chloroform,
acetone,
etc. It reduced Fehling's solution on boiling. It did not
give the
Liberrnann reaction. Prom his analytical work and from the
compari-
son with the hydrazine derivative prepared by Emil Fisher
2 in causin,
phenylhydrazine to react with benzene-sulfochloride , KBnig concluded
that the compound was a hydrazine C 6H5miHS02C 6H 5 . For further evi-
dence, he synthesized the same compound from a benzene
diazonium
salt reacting with benzenesulfinic acid, C 6H5S02H, then
reducing the
resulting diazobenzene sulfinic acid to the hydrazine with
zinc dust
and acetic acid in alcoholic solution. In his conclusions
from the
investigation he assumed, apparently, that the main product
obtained
from the treatment of benzene diazonium chloride
with sulfur dioxide
was the hydrazine ^E^mm30z 6E5 . The repetition of part
of Konigs
work proved to us that this hydrazine could be
no more than a side
product in the reaction, and that it had thrown
no light upon the
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nature of the red compound. After a complete analysis had given us
the empirical formula C 1gH11 I\r4S03lIa for the yellow sodium salt of the
red acid, and a reduction of the acid itself had given a clue to its
structural formula, we could then review the literature systematical-
ly.
It was found that Troeger had prepared the same red acid by a
method differing somewhat from that used here. By diazotizing ani-
line in a dilute sulfuric acid solution and then saturating- with sul-
fur dioxide, he obtained the red compound with two side products.
Troeger purified the acid by means of its ammonium salt and analyzed
the free acid. Our analytical results were obtained from the reerys-
tallized sodium salt. Troeger proved the structure of the red acid
to be CgHgN:lI.GgHgliIHHHSOgH. His proof rested upon the decomposition
products obtained upon reduction with zinc and acetic acid. These
products were aniline CgHgNHg, p_-phenylene diamine, NEgCsH^THg, and
ammonium sulfate. He also synthesized the acid by treating diazo-
tized amidoazobenzene with potassium carbonate and potassium sulfite,
adding ammonium sulfide to the potassium salt of azobenzene-diazosul-
fonic acid CgHgN :1JC 6H4N :lISOgK (which had formed in the first step)
and freeing the azobenzene-p-phenylhydrazine sulfonic acid with hyd-
rochloric acid. The second step: C5H5IJ ilI.CgH^.H :HSOgK to
CgHgBiIJ.CgH^IIHUHSOgK took place easily when ammonium sulfide was
added. When the hydrazine acid, on the other hand, was treated with
ammoniacal silver nitrate or copper sulfate the latter reaction was
reversed and the respective silver and copper salts of azobenzene-
diazosulfonic acid were formed.
Troeger attempted to improve his method of preparation of azo-
benzene p-phenylhydrazine sulfonic acid by diazotizing aniline sul-

(5)
fate with amyl nitrite. This was done in glacial acetic acid solu-
tion with subsequent saturation with sulfur dioxide. The method, how
ever, yielded only the sulfazid CGH5NHNHSO2C6H5 and consequently was
abandoned.
Following these experiments, Troeger extended his investigation
to a further study of azobenzene-p_-phenylhydrazine sulfonic acid.
G12HllK4S°3H(GgH5M2) was prepared^, and also the para toluidine and
para xylidine salts. The action of nitrous acid upon azobenzene-p-
phenylhydrazine sulfonic acid was found to yield the compound
GsHsNiHGgj^lJ^ which stannous chloride reduced to aniline, p-phenyl
diamine, and nitrogen.
Troeger next studied the condensations of the red acid with cer-
tain aldehydes and ketones. He worked first with aromatic compounds
and later took up certain ones of the aliphatics. Condensations in
alcoholic hydrochloric acid or in e:lacial acetic acid gave, respect-
ively, the sulfate or hydrochloride addition products corresponding
to the aldehydes used. With benzald ehyde
,
G^HsCHO/he obtained the
hydrochloride C 5H5N : IJC 5H4NEN : CHC5H5.HCI. Chloro benzald ehyde , bromo-
benzaldehyde, p-aminobenzaldehyde
,
hydroxybenzaldehyde, furfuralde-
7
hyde, etc., were tried and yielded sulfate addition products from
which the free hydrazone was liberated by addition of ammonium hydrox-
ide. In all cases the free hydrazones were yellow or reddish yellow
crystalline products while hydrochlorides or sulfates of these hylra-
zones were dark blue in color but also of crystalline structure. II
mention was made in any of Troeger 's publications in regard to the
possibilities of using these compounds as dyestuffs.
Troeger also studied the condensations of several aliphatic al-
dehydes and ketones with azobenzene-p-phenylhydrazine sulfonic acid.
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He found these condensations to proceed even more easily than did the
aromatics, but the isolation of the free hydraaones gave great diffi-
culty on account of their solubility. Such was also found to be the
case in the present work with, the sugars. Troeger obtained hydra-
zones with acetone, acetylacetone
,
chloracetaldehyde , and ethylace-
toacetate. With dextrose in alcoholic hydrochloric acid, he prepared
the hydrochloride C^QHggOglJ^HCl but was unable to isolate the free
hydrazcaie. He did not attempt to apply azobenzene-p-phenylhydrazine
sulfonic acid to the general reactions with the sugars.
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III.'iiiEOaSTICAL PA:\T
.
When it was decided, in the organic manufacturing division of the
University of Illinois to attempt the preparation of phenylhydrazine
through its sulfonic acid by saturating benzene diazonium chloride
with sulfur dioxide, the earlier work of Kt5nig seemed at first thou^it
to eliminate this proposed method. KBnig had treated benzene diazon-
ium chloride with a saturated water solution of sulfur dioxide and
had obtained a deep red compound formed by a coupling reaction. On
extracting the red compound with boiling chloroform Kbnig obtained a
white crystalline hydrazine Cg^HHilHSC^CgHg which he apparently con-
cluded to be the main product of the reaction. It was thought here,
however, that by the use of a more concentrated acid solution the
coupling could be prevented and the desired product, phenylhydrazine
sulfonic acid, G5H5HHITHSO3H would result. The sulfonic acid could be
converted then into the free hydrazine.
The modifications of KBnig's method, however, did not prevent
the coupling reaction and yielded, to all appearances, the same red
compound which he described. Upon treating this compound with 25/o
HaQH a yellow sodium salt was formed which could be recrystallized
from hot water. KBnig's chloroform extraction of the red compound I
was repeated, but only a very small amount went into solution. From
the concentrated extract a white solid was precipitated upon the ad-
dition of petroleum ether. This solid was found to be the same com-
j
pound which he describes1 as the main product of the reaction. With
alkali it did not give the characteristic sodium salt which the orig-
inal red acid formed and consequently we were convinced that this
white solid could not be the important reaction product. To elimi-
nate the possibility that the sodium salt might be colored yellow by
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impurities, it was boiled with bone-black and recrystallized several
times. There was no change in color and furthermore, upon acidifica-
tion of the pure yellow salt there was obtained again the original
red acid. In order to ascertain whether or not the compound derived
by the chloroform extraction came from a decomposition of the red ac-
id and thus might throw some light on its structure, we refluxed with
chloroform for forty-eight hours. Although some decomposition took
place, there was no proportional increase in the amount of the white
solid which formed, and consequently we considered it as a side pro-
duct which could give no information concerning the structure of the
red acid.
Analysis of the purified sodium salt gave us the empirical form-
ula Gi2^n^4s OgNa. While the analytical v/ork was being completed a
decomposition of the free acid was brought about by reduction with
zinc and hydrochloric acid. Aniline, ammonia, and inorganic sulfates
were detected, and an unidentified grayish crystalline compound v/as
also observed. Ho further attempts were made to identify the unknown
solid as the quantitative v/ork meanwhile had given the empirical form,
ula which then uncovered Troeger's previous structure proof of the
red acid. The unidentified solid was para phenylene diamine, formed
from the redaction:
The breaks occur with hydrogen addition as shown.
The formation of azobonzene-p-phenylhydrazine sulfonic acid by
the reaction of sulfur dioxide upon benzene diazonium chloride de-
pends upon the concentration of mineral acid. Gatterman diazotiaed
a solution of 10 gr. aniline in 60 gr. concentrated H2S04 and satur-
HG1 r
CgHgHHg + 2H1IG 6H4WH2 + (NHg + H2S04 ) =(HH4 )g 304
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ated with sulfur dioxide but he obtained only the water soluble sul-
fur ous diazoniura salt, CgHgH^ M
OSOgH
Troeger using half that quantity of acid obtained the red compound.
On the other hand, KOnig working with a greater dilution obtained the
substituted hydrazine GgHgNHNHSOgGgHg. A coupling reaction takes
place unless the acid concentration is extremely high(as in the con-
centration used by Gatterman) when the diazoniurn sulfite forms.
Azobenzene-p-phenylhydrazine sulfonic acid being a substituted
hydrazine has the same properties as have other hydrazines in condens •
7ing with aldehydes and ketones. When the acid is heated in glacial
acetic or alcohol hydrochloric acids, the sulfonic group splits off
leaving the free hydrazine :-
(1) H2 + G 6H5H:H0 6H4WHNH303H >. 'd^O^ C5H5.il : H . CgH^HUHg .
j
If this reaction takes place in the presence of an aldehyde or a ke-
tone there is formed a hydrazone by condensation:
(£) C 6H5H:NC 6H4 NH HHg + ^0*8 £ Og^gN^PgH^OT^q^ItH
I
From reaction (1) it is seen that sulfuric acid is liberated.
The mineral acid in all cases forms addition products with the new
hydrazones , from which the free hydrazone may be isolated by addition
of ammonia:
( C 6H5N :HO 6H4NHN = G-R ) 2 - H2S 4 + ElIHgfe^)
H
C
6
H5N:NC 6H4HHIJ:=G-R +(NH4 )g S04H
Aromatic aldehydes and ketones have been found to form very dif-
ficulty soluble hydrazones with azobenzene-p-phenylhydrazine sulfon-
ic acid, while aliphatic aldehydes and ketones form hydrazones which
are partly soluble, and in all cases the hydrochlorides are insol-
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uble
.
It was thought here that by condensing the red acid with the
sugars there night be obtained insoluble hydrazones and hydrochloride^
or perhaps substituted osazones. If the condensation ran quantitat-
ively, a rapid method for the determination of sugars would be avail-
able. Furthermore, the reagent used is very easily prepared.
In alcoholic hydrochloric acid with glucose the red compound
Q
gave a hydrochloride C-^I^gOgll^HCl. This reaction corresponds to
the phenylhydrazine-glucose condensation in which one molecule of the
hydrazine adds:
q 4
(1) G cH cilHUHo + H-C > # C*H-BH 06*565
* (CHQH)4 (CHQH] 4
6a2 0H CH20H
Similarly:
H H
(2) G 6H5I'I:I:IG 6H4NHim2 + 0*c > C = H-H-Og^ H;HC$Hg
H'i
%
(CHOH)
.
(
,
CH0H) 4 CH OH
4
CHgOH 2
In the second reaction the presence of HCl causes the formation
of a hydrochloride of the hydrazone shown in (2).
With an excess of the azobenzene-p-phenylhydrazine sulfonic ac-
id we expected to obtain a substituted osazone. Phenylhydrazine, it-
self, follows the well known reaction:
,H H
3 C 6H 5NHi'!H2 + G-fl C=H-HHC 6Hg G =3J-HH GgHg
CHOH —> C=0 > q=H-IIH O H
(CH0H) (CHOH), (CHOH)
/ 3 / o t °
GH OH CH OH GH OH
2 d &
In the same manner the substituted phenylhydrazine with which
we are dealing should react:

M (11)
B H
65 642 i i 64 65
OHOH
_^ G =
( CHOH) (QHGH)-
1 ^ / ^
OH OH CH OH
2 2
H H
UlT-N-G 6H4II:HG 6H6
CHOH H
CHOH
CHOH
GHgOH
The reaction was found to go as has been outlined but the puri-
fication of a compound of this nature was rather difficult.
Maltose and lactose were carried through the same path and form
ed osazones of even greater complexity than that of glucose. Lactose
was particularly hard to work into the reaction and to obtain a pure
product as it decomposed very easily. The reaction, however, with
the sugars is not quantitative.
An attempt was made, also, to oondense the red acid with aceto-
acetic ester to obtain a hydrazone first and from this the corre-
sponding pyrazolone. Phenylhydrazine with acetoacetic ester reacts
as follows:
OJEUNHNHg + GH3 Q GH^C-OGgHg
dig O
IT—N-QHrS \ + G 2H 50H + H2°
GH-C-GH^GxO
Methyl phenyl pyrazolone.
The first step involves an ordinary condensation with loss of
water. Continued heating drives off one molecule of ethyl alcohol
and closes up the ring.
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If the red acid condensation with acetoacetic ester would follow
the same path as does phenylhydrazine we would expect the reaction:
CH3
G
6
H
5
N:NG
6H4K-1IH2 + = G -CHg- c'-OCgHg y
G 6H5K : NC gH^lfH • H iq-CHgC -OC2H5 >
H
°
6 5 6 4 \ ||
G —CH
ii
This pyrazolone, however, could not he obtained. The reaction
did not go beyond the hydrazone
,
GgHgll-.UGgH^IJMijJ-CHgCOgCgHg. Re-
GH
3
fluxing the hydrazone solution at a temperature of 150°-170° did not
split off alcohol. Continued heating at high temperatures produced
o
decomposition. Troeger had prepared the hydrazone, and our attempts
to carry the reaction "beyond that step did not succeed in this case.
The hydrazone is a reddish yellow crystalline solid which forms a blie
hydrochloride.
If it had been possible to obtain a pyrazolone with the red ac-
id, we intended to make a methyl derivative in order to compare its
physiological action with that of antipyrine which is the correspond-
ing methyl derivative of the pyrazolone formed from phenylhydrazine
9
and acetoacetic ester .
One other reaction in which phenylhydrazine plays an important
role and which was tried with the red compound is the condensation
with dihydroxytartaric acid.
Phenylhydrazine sulfonic acid with the tartaric acid derivative
forms a compound known as Tartrazine 10 , which is a well known dye:-
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COOH COOiJa
HO-C-OH
HO-C-OH
+ H2lI-IIHG 6H4S03lIa
H2W-NHC 6H4S03L
fa
2 mo Is
—
>
C =5MiiC-H-S0„lIa
C «H-HHC 6H4S0gNa
COOIJa
\
COOH
1 raol
H C —K-C 6H4S03lIa
8
Tartrazine
.
With azobenzene-p-phenylhydrazine sulfonic acid and dihydroxy-
tartaric acid we would expect the formation of a compound having Sinn
ilar physical and chemical properties. Since the new reagent is
prepared more easily tnan phenylhydrazine the product obtained with
the red acid would be appreciably cheaper and could be used commer-
cially. It was found that the reaction took place after heating a
glacial acetic acid suspension of the two acids for two hours on the
steam bath. Upon addition of IfagCOg a brown solid was precipitated.
Its purification proved difficult and as time was growing short we
did not study it systematically. It was found to impart a fast
brownish-yellow color to cotton cloth when used as an acid dye.
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Preparation of Azobenzene-p-phenylhydrazine Sulfonic
-xcid
by a New Method.
As the acid concentration is such an important factor in deter-
mining the yield and purity of the product we made several runs with
varied concentrations. He found that the following method gave the
best results :-
One mol, (93 g. )' aniline is treated with 500 c.c. concentrated
HC1 in a five liter jar. The jar is surrounded with a freezing mix-
ture and is kept at 0° during the entire operation. When the mixtur
has cooled, 600 gr. ice are added and vigorous stirring is begun with
a motor stirrer. The mixture is then diazotized with a solution of
73 g. UailOg in 350 c.c. water, about, fifteen minutes being required
to run in the entire solution. After stirring for ten minutes more,
the sulfur dioxide is turned on, and is bubbled slowly through the
solution for five hours. The blood red color appears at the end of
one hour, and within another hour deep red, voluminous flakes begin
to separate out. If, however, the saturation with SOg is hurried by
passing in the gas too rapidly or if the solution is not thoroughly
saturated there is an incomplete separation of the available product.
We have made several runs, also, for determining the length of time
of saturating which gives the largest yields and have found that five
hours is a minimum. This is due to the partial solubility of the
red acid. When the run is completed the red solid is filtered under
a hood
.
washed twice with very little water and finally with alcohol
and ether. It must be dried at a temperature below 80° to assure no
decomposition. A 7byo yield is obtained.
Troeger's method of preparation which was referred to with the
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idea of getting a more rapid method consists in working several small
scale batches. The results of this preparation which is done in an
HgSO^ solution do not compare favorably with our method.
Purification of the ded. Acid
.
In our analytical work we used the purified sodium salt of the
acid. The purification is done best in small amounts. 25 - 30 grs.
acid are triturated with enough Z5% NaOH to form the light yellow
sodium salt. This is filtered, washed with water and recrystallized
from hot water. The salt melts with decomposition at about 165°.
From the purified sodium salt the pure free acid is obtained
upon acidification with HOI, filtering, and washing with alcohol and
ether.
Troeger purified the red acid by treating it with enough
NH^GgHgOg solution to form a yellow 'ammonium salt, adding water to
form a saturated solution on boiling, filtering, and acidifying the
filtrate immediately upon the reformation of the yellow precipitate.
This method of purification is more rapid than that which we used
and gives a pure compound.
Identification of the rted Compound .
A chloroform extract of the red solid was obtained by refluxing
for 10 - 15 minutes. Upon concentrating the extraction (50 cc to
15 cc) and adding petrol ether a white crystalline solid separated
out which was identified from its melting point (140°- 179°) to be
same substituted hydrazine which KBnig1 had obtained. If this com-
pound was the main product of our reaction (as KOnig assumed it to
be) we should obtain from it the characteristic yellow sodium addi-
tion product which urns prepared from the original red solid. The
white compound gave no yellow salt even on standing in concentrated
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HaOH for a day. Since the original yellow compound had been proven
to be pure and had again yielded the red acid upon acidification and
as the white solid gave no yellow salt we concluded that it could not
be the main product of the reaction.
In order to determine whether the white solid was a decomposition
product of the red compound from heating, we refluxed 5 gr. for 36
hours with chloroform. As no proportional increase in the amount of
white solid resulted, we concluded that it was nothing more than a
side product in the reaction which threw no light upon the nature of
the red solid.
Reduction of the Hed Acid.
We had considered the red compound to be a coupling product
which the sulfur dioxide had not reduced completely. Consequently,
the logical step to take would be to complete the reduction, if pos-
sible, and to obtain, perhaps, some simpler compounds. Accordingly,
5 gr. of the red solid were covered with dilute HC1 and zinc dust
was powdered into the suspension. The mixture was carefully heated
and the reaction continued until all red particles had disappeared.
A grayish solid separated out on cooling. *Vhen the acid was neutral-
ized with IlaOH a test for ammonia resulted on heating. The odor of
NHg first indicated the presence of an ammonium salt. When the alka-j
line solution was heated in a distilling bulb aniline was found to
be present. A gray solid still remained but no further attempts were
made to identify it as the quantitative analysis of the purified
sodium salt had been completed in the meantime.
Analysis of the Salt .
The purified sodium salt was used in our analytical work.
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Percentage composition of the yellow salt was found to be:
I II
Carbon 46.01 46.20
Hydrogen 3.81 3.53
Nitrogen 18.01 18.26
Sulfur 10.04 9.59
Oxygen
Sodium (Assumed 1 atom for a sulfonic acid)
The calculated values for the molecule C^gH^^N^SOgNa are:
C- 45.85 IT- 17.83
H- 3.51 S- 10.19
0- 15.28 Ma- 7.32
99.98
Kitrogen determinations were made both by the Kjeldahl and the
Dumas absolute method. The former gave checks of 9.4%, approximate-
ly half of the total nitrogen in the molecule. Since azo nitrogen
is not taken into account by the Kjeldahl method, these results in
a rough way indicated that half of the total nitrogen was azo nitro-
gen.
Condensations with the Sugars.
The red acid was condensed with the aldehyde sugars by heating
either an alcoholic hydrochloric acid suspension of the two sub-
stances, or a glacial acetic acid suspension. The first solution is
prepared most easily by placing a flask containiiig a weighed amount
of absolute alcohol upon a balance arranged for a 10$ weight increase
of the alcohol, and then passing in dry HC1 gas until the pan comes
dom. The glacial acetic acid used should be absolutely dry. Per-
haps the easiest way to dry the acid is to place a beaker full in a
freezing mixture and to pour off the liquid v/hich contains the water
from the solid acid.
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Condensation with Glucose
.
Preparation of C^^O^HCl.
The alcoholic hydrochloric acid solution was used as a medium
in this case, and a mol for mol condensation was run.
2 g. purified red acid with 1.3 g* glucose v/ere covered with 50
c.c. of the solution. After heating on the steam "bath twenty minutes
the previously red suspension disappeared. Upon concentrating the
solution, grayish "blue crystals separated out which proved to "be the
o
hydrochloride O^qE^O^^BQI. Troeger prepared and analyzed this
compound in a similar manner. He could not isolate the free hydra-
zone. This v/as also found to be the case here. Addition of ammonia
followed by concentration yielded only ammonium salts.
A Garius determination for chlorine was made to confirm Troeger's
statement
:
Calculated for Found upon
G 18H22 5N4H C1 analysis
Cl=8.5$ Cl=9.1#
A sample of .15 gr. was used. It was not thought necessary to
recrystallize
.
Condensation of the Second Order
with Glucose .
Preparation of C3QH3QIT3O4.
In order to duplicate the 3 mol phenylhydrazine condensation
with glucose which gives the glucosazone, an excess of the red acid
(3 mols:l) was condensed with that sugar in a glacial acetic acid
suspension. 4 g. acid and 1 g. glucose were covered with glacial
acetic acid and heated on the steam bath. The reaction v/as consider-
ed complete when all red particles had disappeared (20 minutes) .When
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the solution was neutralized with 5/i HH^OH, a brown solid separated
out. This was recrystallized from a solution of three parts alcohol
to one of ether. The compound decomposes on heating for a melting-
point determination and is very difficultly purified.
An analysis was made from a sample composed of two recrystalliz-
ed products from separate runs. The results showed that the substi-
tuted osazone, which one would expect , had been obtained.
Analysis.
Found Calculated for
G 50H30i[ 8°4
C= 64.1 0= 63.6
H. 5.2 H= 5.3
Condensation with Maltose .
Preparation of C 3^H^oI-8°9
To prepare the substituted osazone with maltose, 4 gr. of the
acid in glacial acetic acid suspension were mixed with 1 g. maltose,
and heated upon the steam bath until the mixture had a brown color.
The hot solution was filtered of charred matter, cooled, and careful-
ly neutralized with 5°/o ITH^OH. Extreme care must be taken in the
neutralization and other manipulation as these sugar condensation
products decompose very easily. The brown precipitate is filtered,
washed with water and recrystallized from alcohol. The loss on re-
crystallization is considerable but alcohol was found to be the only
good solvent.
The compound decomposes on melting. An analysis was made on the
recrystallized product.
Analysis
Found Calculated for
G 36H40H8°9
C= 59.7 C= 59.3
H= 4.9 H= 5.4
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Condensation with Lactose.
Preparation of the Substituted Lactosazone.
The preparation and isolation of this osazone gave great diffi-
culty on account of its solubility and its great tendency to decom-
pose. The osazone became sirup-like and charred very easily. After
several attempts, the substituted lactosazone was prepared and re-
crystallized from alcohol. Wo index to its purity could be obtained
aside from its preparation and recrystallization.
An excess of the red acid with 1 & lactose is heated in a glac-
ial acetic acid solution until the red acid particles disappear. The
solution is filtered, placed in a freezing mixture and neutralized
in the cold with 5$ NH^OH. The brown solid formed must be filtered
quickly. It is then recrystallized from alcohol.
Analysis
.
Found Calculated for
G36H40II8°9
C= 59.8 C= 59.3
H» 5.1 H= 5.4
Condensation with Acetoacetic Bster .
Preparation of CgHgIT :KC 6H4ITH-N=G {CH^CHgCOgCgHg and
its Hydrochloride.
We had found that azobeneene-p-phenylhydrazine sulfonic acid re
acted with acetoacetic ester in glacial acetic acid solution upon
heating, and had hoped to prepare a pyrazolone from the reaction.
The April 10th, 1918, volume of Chemical Abstracts , however, contain,
ed a reference to a recent publication by Troeger8 in which he re-
cords the preparation of the hydrazone, QJIgH iJSC «H^MKGGH_OOgGgHg,
From a condensation in alcoholic hydrochloric acid and also in glac-
ial acetic, we obtained the same reddish yellow hydrazone which he
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describes.
A mol for raol condensation using 7.5 g. red acid to 3.5 g. aceto
acetic ester was carried out in an alcoholic HC1 solution. By heat-
ing on the steam bath there was obtained upon neutralizing with
MH4OH, this hydrazone, melting point 125°-188°. The hydrochloride
was prepared from another run by adding more HC1 (cone.) and warming
slightly. It separated out upon concentration of the solution as a
violet colored solid. An analysis for chlorine was made upon a
sample recrystallized from alcohol:
Analysis
Found Calculated for
°18H20 £ iI4HC1
Cl= 10.4 Gl= 9.7
Attempts to Carry the Reaction to Pyrazolone tforristion:
H4 CH3W :HC 6H4HHMCCH3CHgC02C 2HB-^ CgHgS iWfa-K B ~§
C CH
, tj ;j v> J,
In the case of the hydrazone first formed when phenylhydrazine
itself condenses with acetoacetic ester the step following which
forms the ring compound is easily attained by further heating. With
our compound, however, we could not split off the molecule of CgHgOH
to close up the ring without having total decomposition.
Refluxing the alcoholic hydrochloric acid solution of the hydra-
zone at 1H0°-130° for several hours with an HOI generator connected
on to maintain proper acidity, gave no change. Neutralization with
NH4OH brought down the same reddish yellow hydrazone.
On heating another run for a longer period at higher tempera-
tures the greater part decomposed leaving a charred mass. The heat-
ing under pressure in a bomb tube was not attempted for this reason.
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Condensation of the lied. Acid with Dihydroxy-
tartaric Acid ,
Preparation of Dihy&roxytartaric Acid.
The method of Benton11 with additional directions from Liiller12
was followed. An English patent^ granted to Benton outlines an im-
proved method, but the information on this process was not available
here when the acid was needed.
50 g. tartaric acid was dissolved in the least possible amount
of hot water, 0.2 - 0.3 gr. reduced iron (ferrum redactum) added, and
the mixture boiled until the iron had disappeared almost entirely
(15 minutes). The solution was filtered and cooled to 0°. Hydrogen
peroxide (3$) was added slowly until a dark green color formed and
remained for two minutes. The solution became yellow at first but
darkened gradually. Then a volume of fuming H2SO4 equal to l/lO of
the solution at hand was added very cautiously keeping cold. The
solution was kept at 0° for 24 hours. A mass of white glittering
crystals separated out. These were filtered, washed, dried and cov-
ered with glacial acetic acid. Further oxidation was carried out by
adding a glacial acetic acid solution of bromine very slowly. At
first the yellow drops are i.immediately decolorized when they strike
the liquid. The bromine solution is added until a faint yellow color
remains. The oxidized solution after standing a few minutes is neut-
ralized with ilagCQ^, a white precipitate coming down at the neutral-
ization point. This precipitate is filtered off, washed and dried.
It is supposedly the di-sodium salt of dihydroxytartaric acid,
coona
C(0H) 2
C(0H) 2
COOHa
The salt is covered with anhydrous ether and the solution partly
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saturated with iry HG1 gas (10 minutes slow bubbling) to liberate the
free aoid. It is best to calculate the amount of 1IC1 needed by weigh-
ing the yield of solium salt (above) and arranging the solution in a
flask on the balance set for the desired weight increase (by HCl) . An
excess of HCJ1 is to be avoided. The ether is then evaporated slov/ly
to leave a syrup-like residue. This syrupy residue should form white
crystals of dihydroxytartaric acid upon standing. In our preparati on
the mass did not crystallize satisfactorily but it was used in the
condensation as our time was limited.
Condensation with the Acid .
About 5 g. of the tartaric acid derivative were treated with an
excess of the red acid in the presence of a small amount of glacial
acetic acid and heated on the steam bath. After an hour's heating,
the solution turned brown. The excess red acid and some decomposed
material was filtered off, and the filtrate neutralized with RagGOg.
A brown, flaky solid separated out which underwent decomposition when
purification was attempted. As the time for the conclusion of our
work had come, we could do nothing further on this compound except to
test its ability to impart a fast color. It was found that a fast,
light brown color was given to cotton cloth if dipped into a boiling
acetic acid solution of the brown condensation product. We hope to
clear up the mechanism of this condensation at a later time and ap-
pend our results to this account of the investigation.
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V. SUMMARY
The reaction of sulfur dioxide upon benzene diazonium chloride
was studied, and the reaction products were found to depend upon the
concentration of mineral acid present. The peculiar deep red com-
pound which was obtained in attempting to prepare phenylhydrazine
sulfonic acid was identified and was found to be azobenzene-p-phenyl-
hydrazine sulfonic acid.
A modification of the method used by Troeger for the preparation
of the red acid was found to give better results. The reaction is
carried out in a hydrochloric acid solution of certain concentration
instead of using sulfuric acid.
The condensation of the red acid with glucose, maltose and lac-
j
tose v/as investigated carefully, and the respective substituted osa-
zones were obtained. The condensations proceeded precisely as was
outlined from a theoretical view point.
With acetoacetic ester the red acid was found to give the cor-
responding hydrazone. Attempts were made to carry the reaction one
step beyond this, and to form a substituted pyrazolone which would
be analagous to the formation of antipyrine. The pyrazolone could cot
be obtained.
The red acid was found, also, to condense with dihydroxytartaric
acid, yielding a brown dyestuff. On account of the limited time, the
mechanism of this reaction was not cleared up.
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PART II.
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SOME ROSIM COMPOUNDS.
The many varied uses which rosin has in the commercial world
have "been known for a long time. .Rosin is important as a varnish con
stituent, as a sizing material for paper, as a component in explo-
sives, in soaps, etc., etc. All these applications have made rosin
a rather valuable product. Very little attention, however, has been
given to the possibilities of making rosin even more valuable by
changing its composition in a way to eliminate certain of its undesir
able properties, particularly the sticky condition.
To investigate some of these possibilities we determined upon
the following general types of reactions:
(1) Chlorination (with and without catalysts).
(2) fusion with certain inorganic compounds.
(3) Hydrogenation.
(4) Nitration followed by sulfide reduction.
Two patents13 on the chlorination14 of resins have been granted.
The general process is the saturation of a carbon tetrachloride solu-
tion of the resin with chlorine.
A chlorinated rosin was prepared here by passing dry chlorine
into molten rosin until a complete darkening had taken place. The
property which rosin itself shows. If a small amount of PC15 is add-J
ed to the molten rosin during chlorination the amount of chlorine re-
quired is cut down considerably. The reaction is also more vigorous.
This chlorinated product has rather peculiar properties boiling
in concentrated hydrochloric acid, and in aqua regia shows no effect,
while sulfuric acid slowly decomposes it.
Boiling with 85$ IfaOH forms a soap which is peculiarly fitted
resulting product when cooled has no longer the undersirable
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for the removal of paint, tar, asphaltum, etc. from the hands. The
nature of the soap would restrict its use to mechanics, however, and
here its cost of production would be another limiting factor.
The chlorinated rosin is not sufficiently soluble in ordinary
organic solvents to permit its use in lacquers.
In the fusion experiments varying amounts of sulfur were intim-
ately mixed with molten rosin riving a homogeneous product. Sodium
sulfide and calcium sulfide were also tried. The rosin was first
pulverized, mixed in a mortar with the inorganic substance, then
heated to melting and stirred. The resulting products have lost
the rosin stickiness and are considerably harder. Their solubility
differs, the sodium sulfite product being soluble in benzol, the GaS
product soluble in CCI4 while ^he products of sulfur fusion are in-
soluble in ordinary organic solvents. Tests were made with the GaS
product to determine the nature of the film which a CCl^ solution
formed on wood. Although a smooth, transparent and waterproof coat-
ing remained, it lacked the required resistance to friction.
Cotton cloth was impregnated with a CCI4 solution of the GaS
fusion product by boiling in solution. The cloth after drying showed
no indication of the treatment and when formed into a bag held water!
for a period of two weeks without leakage. Here, again, the trouble
lies in non-resistance to friction while in contact with water.
Hydrogenation of rosin was carried out on a small scale by dis-
solving 50 gr. in methyl alcohol (dilute) and adding Na amalgam and
heating to begin the reaction. The solution gradually became darker
as the hydrogen bubbled through. It was allowed to stand (after 2
hrs. reaction) for several days. The brownish solution was then dis-
tilled. After most of the methyl alcohol had come over, a light
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"brown soap remained. This seemed to fulfill the requirements of a
soap for ordinary usage and had good lathering properties. We then
planned to set up an apparatus for hy&rogenation of rosin on a larger
scale with the idea of saponifying the hydro genated product. The i?eb-
15
ruary, 1910, volume of Chemical abstracts
,
however, contained a
notice of a patent granted to Carlton 1211 is for the hy&rogenation of
rosin. This was the first statement to appear in the literature on
rosin hydrogenation.
In recalling that nitrations followed by HagS reductions in the
napthalene series give the well known sulfur bronze dyes, which yield
fast colors without mordants, it occurred Id us to try these reactions
on rosin.
Powdered rosin was nitrated in the ordinary HgSO^.- HHOg solution
used in the aromatic nitrations. Dilution with water precipitated
out the light yellow flaky nitro product. This was treated with a
25% NagS solution and boiled until a clear brown solution resulted.
The dyestuff was then precipitated out with HCl (dilute), filtered
and washed. The product was dark brown in color.
For its application to cloth, the dye was again put into solu-
tion with NagS and water. The cloth was allowed to remain in the
boiling solution for fifteen minutes. After drying the color was
somewhat uneven. Upon boiling in v/ater there remained a very light
brown color which was fast. It was not, however, of a desirable
shade for use commercially. Some change in shade v/as obtained by
varying the nitration procedure but the results were not satisfactorj
in this particular case.
Our work on these rosin derivatives was not intended to be a
complete investigation of any one of them but rather to suggest a
few possibilities to anyone wishing to make a more thorough study of
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the future of rosin. Barely two months were spent on this work and
consequently it could he only of a general nature.
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